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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to vapor etching
of samples and, more particularly, to vapor etching of
semiconductor materials.

Description of Related Art

[0002] Vapor etching of semiconductor materials
and/or substrates is accomplished using gases such as
xenon difluoride. Specifically, in xenon difluoride etching,
the xenon difluoride gas reacts with solid materials, such
as silicon and molybdenum, such that the materials are
converted to a gas phase. This removal of these materials
is known as etching.
[0003] Typically, with gas phased etching, especially
in case of xenon difluoride etching, the reaction is exo-
thermic or creates heat. This heat will cause a tempera-
ture increase on the part being etched. The part being
etched is referred to as the sample. Increased tempera-
ture can influence critical parameters such as etching
rate, or speed of etching, and selectivity, which is the
relative rate that the material desired to be etched etches
relative to a material that is desired to remain. Also, in-
creased temperatures can lead to problems such as de-
stroying sensitive materials, such as polymers.
[0004] A common approach to xenon difluoride etching
is through the pulsed method of etching. In this mode,
xenon difluoride is sublimated from a solid to a gas in an
intermediate chamber, referred to as an expansion
chamber, which can then be mixed with other gases. The
gas(es) in the expansion chamber can then flow into an
etching chamber to etch the sample, referred to as the
etching step. The main chamber is then emptied through
a vacuum pump. This cycle, including the etching step,
is referred to as an etching cycle. These cycles are re-
peated as necessary to achieve the desired amount of
etching.
[0005] It should be noted that any heat that occurs dur-
ing the etching will raise the temperature of the sample.
By simply evacuating the chamber at the end of the etch-
ing cycle and repeating the cycle, there is little opportunity
for the sample to return to its original temperature. This
is in part due to the fact that the evacuation of the cham-
ber, which by definition is reducing the number of gas
molecules inside of the chamber, reduces the thermal
conductivity of the gases inside of the chamber. There-
fore, generally, each etching cycle will cause the sample
to continually increase in temperature. It has been ob-
served that increased temperature has resulted in re-
duced selectivity of silicon versus low-pressure chemical
vapor deposited silicon nitride. Silicon nitride is a very
common material in semiconductor or microelectrome-
chanical systems devices and, in most cases, minimizing

attack on silicon nitride when etching silicon is highly de-
sirable.
[0006] Reduced selectivity of silicon versus other ma-
terials, including silicon nitride has also been attributed
to the presence of the products of the etching process.
These products of the reaction, such as silicon tetraflu-
oride, attack the non silicon materials reducing the se-
lectivity.
[0007] Vapor etching methods are described in the fol-
lowing dcouments: CHU P B ET AL: "Controlled pulse-
etching with xenon difluoride"TRANDUCERS 97. 1997
INTERNATIONAL CONFERENCE ON SOLID-STATE
SENSORS AND ACTUATORS. DIGEST OF TECHNI-
CAL PAPERS (CAT. NO.97TH8267) IEEE NEW YORK,
NY, USA, vol. 1, 1997 , pages 665-668 VOL.1, ISBN:
0-7803-3829-4;JP 2004 249403 A; US 2002/033229 A1;
US 2002/195423 A1.

SUMMARY OF THE INVENTION

[0008] The present invention reduces or avoids the
continual temperature changes of a sample being etched
due to successive etching cycles and periodically flushes
products of reaction from the chamber. The invention in-
cludes adding another step between each etching step
which acts to increase thermal conduction between the
sample and the etching chamber in which the sample is
etched. Specifically, after each etching cycle, the etching
chamber is filled with a cooling/purging gas to increase
thermal conduction. The gas is an inert gas which is he-
lium, nitrogen, or argon. The use of a mixture of such
inert gases is also envisioned. As used herein, the phrase
"inert" gas refers to any gas that minimally reacts with
the etching chemistry. The inert gas or gases is referred
to herein as a cooling/purging gas. It has been observed
that by adding 400 torr of cooling/purging gas between
etching cycles improves the selectivity of silicon to silicon
nitride etching over the prior art.
[0009] The addition of inert, or minimally reacting,
gas(es) to the gas(es) used for etching has been de-
scribed in U.S. Patent Number 6,409,876 and U.S. Pat-
ent Number 6,290,864. However, unlike the present in-
vention, these patents describe the combination of etch-
ing gas with another gas during the etch cycle. The mixing
of the additional gas with the etching gas, however, has
been shown to greatly reduce etch rate as described in
Kirt Reed Williams, "Micromachined Hot-Filament Vac-
uum Devices," Ph.D. Dissertation, UC Berkeley, May
1997, p. 396.
[0010] In the present invention, the separate steps of
using concentrated etching gas(es) during the etching
cycle, then subsequently cooling the sample with the
cooling/purging gas, reduces or avoids continual temper-
ature increases in the sample being etched. This im-
proves etch rate of the sample while maintaining selec-
tivity and reducing other potential forms of damage that
may result with high sample temperatures, such as or-
ganic film damage or unintended material annealing.
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[0011] The invention is a vapor etching method as de-
scribed in the claims.
[0012] A vapor etching system, not forming part of the
invention, includes a main chamber for supporting a sam-
ple to be etched; an etching gas source in fluid commu-
nication with the main chamber via a first gas control
valve; a cooling/purging gas source in fluid communica-
tion with the main chamber via a second gas control
valve; a vacuum pump in fluid communication with the
main chamber via a third gas control valve; and a con-
troller operative for controlling said gas control valves
whereupon etching gas and cooling/purging gas are al-
ternately input a plurality of times into the main chamber,
which is evacuated between the alternate input thereof.
[0013] The etching gas and cooling/purging gas from
the etching gas source and the cooling/purging gas
source, respectively, can alternately be input into the
main chamber until the sample is etched to a desired
extent.
[0014] The system can further include an expansion
chamber in fluid communication between the first gas
control valve and the main chamber and a fourth gas
control valve in fluid communication between the expan-
sion chamber and the main chamber. The controller can
be operative for controlling the first and fourth gas valves
whereupon, prior to each input of etching gas into the
main chamber, said etching gas is input into the expan-
sion chamber.
[0015] The system can further include a fifth gas con-
trol valve in fluid communication between the expansion
chamber and the vacuum pump. The controller can be
operative for controlling the gas control valves whereup-
on gas in the expansion chamber can be evacuated di-
rectly by the vacuum pump independently or in concert
with the evacuation of gas in the main chamber.
[0016] Lastly, the vapor etching system includes a
main chamber for supporting a sample to be etched; an
etching gas source; a cooling/purging gas source; a vac-
uum pump; a plurality of gas control valves coupled to
the main chamber and operative for enabling the main
chamber to selectively receive etching gas from the etch-
ing gas source, vacuum from the vacuum pump and cool-
ing/purging gas from the cooling/purging gas source; and
a controller operative for controlling the gas control
valves whereupon the main chamber sequentially re-
ceives etching gas from the etching gas source, vacuum
from the vacuum pump, cooling/purging gas from the
cooling/purging gas source and vacuum from the vacuum
pump.
[0017] The main chamber can sequentially receive the
etching gas from the etching gas source, the vacuum
from the vacuum pump, the cooling/purging gas from the
cooling/purging gas source and the vacuum from the vac-
uum pump a plurality of times.
[0018] The plurality of gas control valves can include
a first gas control valve in fluid communication between
the etching gas source and the main chamber; a second
gas control valve in fluid communication between the

cooling/purging gas source and the main chamber; and
a third gas control valve in fluid communication between
the main chamber and the vacuum pump.
[0019] The system can further include an expansion
chamber. The controller can be operative for controlling
the gas control valves whereupon the main chamber re-
ceives etching gas from the etching gas source via the
expansion chamber which receives and temporarily
holds said etching gas prior to the main chamber receiv-
ing said etching gas.
[0020] Alternatively, the plurality of gas control valves
can include a first gas control valve in fluid communica-
tion between the etching gas source and the expansion
chamber; a second gas control valve in fluid communi-
cation between the expansion chamber and the main
chamber; a third gas control valve in fluid communication
between the cooling/purging gas source and the main
chamber; and a fourth gas control valve in fluid commu-
nication between the main chamber and the vacuum
pump. A fifth gas control valve can be provided in fluid
communication between the expansion chamber and the
vacuum pump.
[0021] The etching gas is xenon difluoride, krypton di-
fluoride or a halogen fluoride. The cooling/purging gas is
helium, nitrogen or argon.

BRIEF DESCRIPTION OF THE DRAWING

[0022] Fig. 1 is a schematic view of a vapor etching
system not forming part of the present invention in which
a method in accordance with the present invention can
be practiced.

DETAILED DESCRIPTION OF THE INVENTION

[0023] With reference to Fig. 1, a vapor etching gas
source 101, e.g., a cylinder of etching gas, such as xenon
difluoride, is connected to a valve 102, desirably a pneu-
matically operated valve. Valve 102 is connected to an
expansion chamber 103 which acts as an intermediate
chamber for regulating the quantity of etching gas in each
cycle. In one exemplary embodiment, expansion cham-
ber 103 has a volume of 0.6 liters. However, this is not
to be construed as limiting the invention since the volume
of expansion chamber 103 can be any suitable and/or
desirable volume, e.g., between 0.1 liters and 20 liters
or greater.
[0024] Expansion chamber 103 can be optionally in-
dependently evacuated through valve 110, desirably a
pneumatically operated valve. Desirably, a pressure sen-
sor (P.S.), e.g., a capacitance diaphragm gauge, is in-
cluded in fluid communication with expansion chamber
103. In addition, expansion chamber 103 may have an
additional connection and valve (not shown) along with,
typically, a needle valve (also not shown) to allow the
addition of other gases, such as inert gases, to expansion
chamber 103. Expansion chamber 103 is connected to
a main vacuum chamber 107 via a valve 104, desirably
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a pneumatically operated valve. Main chamber 107 may
also have a pressure sensor (P.S.), e.g., a capacitance
diaphragm gauge, in fluid communication therewith.
[0025] A cooling/purging gas source 106, e.g., a cylin-
der of the cooling/purging gas, is connected to main
chamber 107 via a valve 105, which is desirably a pneu-
matically operated valve. Main chamber 107 is where the
sample(s) to be etched is located. Chamber 107 is evac-
uated via a vacuum pump 109, desirably a dry pump, via
valve 108, desirably a pneumatically operated valve. In
one exemplary embodiment, main chamber 107 has a
volume of 0.6 liters. However, this is not to be construed
as limiting the invention since the volume of main cham-
ber 107 can be any suitable or desirable volume, e.g.,
between 0.1 liter and 20 liters or greater, deemed desir-
able and/or necessary by one skilled in the art to accom-
modate the size of the sample(s) to be etched therein.
[0026] Other modifications to the aforementioned sys-
tem design are anticipated such as those described in
U.S. Patent No. 6,887,337. These modifications include,
but are not limited to, variable volume expansion cham-
bers, multiple expansion chambers, and multiple gas
sources. Also, in some circumstances, such as the use
of hazardous gases for cooling, it may be desirable to
add a dedicated chamber venting connection rather than
solely using valve 105 and cooling/purging gas source
106 for purging and venting main chamber 107.
[0027] In addition, the use of other noble gas fluorides,
such as krypton difluoride or halogen fluorides, such as
bromine trifluoride, are also considered for etching. In
addition, combinations of these gases are also consid-
ered.
[0028] A typical etching sequence is to load sample S
into main chamber 107. Main chamber 107 is then evac-
uated by opening valve 108 which connects vacuum
pump 109 to main chamber 107. Desirably, main cham-
ber 107 is pumped down or evacuated, for example, to
less than 1 torr, e.g., to approximately 0.3 torr, whereupon
valve 108 is closed Main chamber 107 may be further
purged of atmosphere by opening valve 105 thereby al-
lowing cooling/purging gas from cooling/purging gas
source 106 to flow into main chamber 107 to approxi-
mately 400 torr (anywhere from 1 torr to 600 torr would
be useful, though) at which point valve 105 is closed and
valve 108 is opened whereupon main chamber 107 is
pumped down or evacuated again. These purges and
pumps are repeated typically three or more times to min-
imize moisture and undesired atmospheric gases in main
chamber 107 which can react with xenon difluoride and
other etching gases to form hydrofluoric acid which will
attack many non-silicon materials.
[0029] At a suitable time, expansion chamber 103 is
evacuated by opening valve 110 which connects vacuum
pump 109 to expansion chamber 103. Desirably, expan-
sion chamber 103 is pumped down to, for example, less
than 1 torr, e.g., to approximately 0.3 torr, whereupon
valve 110 is closed. Desirably, the evacuation of expan-
sion chamber 103 by vacuum pump 109 occurs inde-

pendent of the evacuation of main chamber 107 by vac-
uum pump 109. However, this is not to be construed as
limiting the invention as it is envisioned that the evacua-
tion of expansion chamber 103 and main chamber 107
can occur simultaneously if desired.
[0030] Once main chamber 107 has been purged of
atmosphere to a sufficient extent, vapor etching gas
source 101 is connected to the expansion chamber 103
by opening valve 102. Since expansion chamber 103 has
been purged of atmosphere to a sufficient extent, e.g.,
approximately 0.3 torr or below, etching gas will flow from
vapor etching gas source 101 into expansion chamber
103 until the pressure therein desirably reaches between
1 torr and 10 torr (anywhere between 1 torr to 600 torr
would be useful, though, wherein higher pressures gen-
erally require heating of the gas source). Valve 102 is
then closed, followed by valve 104 opening, thereby al-
lowing etching gas in expansion chamber 103 to flow into
main chamber 107 which has been pumped by vacuum
pump 109 via valve 108 to a pressure below that of ex-
pansion chamber 103, e.g., between 0.01 torr and 1 torr.
In response to sample S being exposed to etching gas
received in main chamber 107 from expansion chamber
103, etching begins on sample S.
[0031] Valve 108 is opened after a specified period for
etching sample S, which is typically a few seconds, i.e.,
less than 10 seconds, e.g., approximately 5 seconds.
Since valves 104 and 108 are open and since valves
102, 105 and 110 are closed, the pressures in both main
chamber 107 and expansion chamber 103 fall in re-
sponse to the action of vacuum pump 109 acting on ex-
pansion chamber 103 and main chamber 107 via open
valves 104 and 108. When the pressure in main chamber
107 falls to a set point between 0.01 torr and 1 torr, valves
104 and 108 are closed. The cooling of sample S now
begins by opening valve 105 thereby allowing cool-
ing/purging gas, e.g., nitrogen, to flow from cooling/purg-
ing gas source 106 into main chamber 107 until the pres-
sure therein reaches 400 torr (any pressure from 1 torr
to 600 torr would work) whereupon valve 105 is closed.
After valve 105 is closed, the cooling/purging gas is al-
lowed to remain in main chamber 107 for a sufficient pe-
riod of time, such as, without limitation, less than 20 sec-
onds, e.g., approximately 15 seconds, to reduce the tem-
perature of sample S to a desired temperature, e.g., close
to its original or starting temperature. Meanwhile, option-
ally, the expansion chamber 103 is being evacuated via
valve 110 until reaching approximately 0.3 torr. Expan-
sion chamber 103 is then refilled as described above in
preparation for the next etching cycle.
[0032] Once sufficient cooling time has passed for
sample S, main chamber 107 is evacuated by opening
valve 108 and the above cycle of etching and cooling is
repeated until sufficient etching has been accomplished.
Once the etching is complete, sample S can be removed
by using the same sequence of pumps and purges that
were used for the loading of the sample followed by a
venting step where valve 105 is opened until the main
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chamber pressure reaches atmospheric pressures.
[0033] A controller (C) can be provided for automati-
cally controlling the operation of the system shown in Fig.
1. For example, controller C can be connected to each
pressure sensor P.S. for detecting the pressure in the
corresponding chamber 103 and/or 107 and to each of
valves 102, 104, 105, 108 and 110 for controlling the
sequence and operation thereof in the manner described
above. Controller C can be any suitable and desirable
type.
[0034] The disclosure of nitrogen as the cooling/purg-
ing gas has been used for convenience. However, it is
believed that other gases, either individually or in com-
bination, may yield an improvement. For example, the
use of helium may provide additional benefit because of
its higher thermal conductivity than nitrogen. A higher
thermal conductivity will mean that the cooling time re-
quired per cycle can be reduced.

Claims

1. A vapor etching method comprising:

(a) locating a sample to be etched in a main
chamber;
(b) following step (a), causing atmosphere in-
side the main chamber to be evacuated there-
from;
(c) following the evacuation of the main cham-
ber, causing etching gas to be input into the main
chamber;
(d) following step (c), causing the etching gas to
be evacuated from the main chamber;
(e) following step (d), causing cooling/purging
gas to be input into the main chamber;
(f) following step (e), causing the cooling/purg-
ing gas to be evacuated from the main chamber;
and
(g) repeating steps (c) - (f) until the sample has
been etched to a desired extent, wherein:

between steps (c) and (d), the etching gas
is caused to remain in the main chamber for
a specified period of time for etching the
sample;
between steps (e) and (f), the cooling/purg-
ing gas input into the main chamber is al-
lowed to remain in the main chamber for a
sufficient period of time to reduce the tem-
perature of the sample to a desired temper-
ature;
the etching gas is xenon difluoride, krypton
difluoride, or a halogen fluoride; and
the cooling/purging gas is helium, nitrogen,
or argon.

2. The method of claim 1, further including causing the

etching gas to be input into an expansion chamber
prior to each instance of step (c), wherein step (c)
includes causing the etching gas in the expansion
chamber to be input into the main chamber.

3. The method of claim 1, further including, between
step (b) and the first iteration of step (c):

(1) causing cooling/purging gas to be input into
the main chamber;
(2) causing the cooling/purging gas to be evac-
uated from the main chamber; and
(3) repeating steps (1) and (2) at least one time.

4. The method of claim 1, wherein the specified period
of time is a first interval of time, and wherein the
sufficient period of time is a second interval of time.

5. The method of claim 4, wherein:

the first interval of time is less than 10 seconds;
and
the second interval of time is less than 20 sec-
onds.

6. The method of claim 1, wherein:

in at least one of steps (b), (d) and (f) the main
chamber is evacuated to a pressure between
0.01 and 1.0 torr; and
in at least one of steps (c) and (e), gas is input
into the main chamber to a pressure between 1
and 600 torr.

Patentansprüche

1. Dampfätzverfahren, umfassend folgende Schritte:
(a) Anordnen einer zu ätzenden Probe in einer
Hauptkammer; (b) nach dem Schritt (a) Veranlas-
sen, daß die Atmosphäre im Inneren der Hauptkam-
mer aus dieser evakuiert wird; (c) nach der Evaku-
ierung der Hauptkammer Veranlassen, daß Ätzgas
in die Hauptkammer gefüllt wird; (d) nach dem Schritt
(c) Veranlassen, daß das Ätzgas aus der Hauptkam-
mer evakuiert wird; (e) nach dem Schritt d) Veran-
lassen, daß Kühl- / Reinigungsgas in die Hauptkam-
mer gefüllt wird; (f) nach dem Schritt (e) Veranlas-
sen, daß das Kühl- / Reinigungsgas aus der Haupt-
kammer evakuiert wird; (g) Wiederholen der Schritte
(c) - (f), bis die Probe im gewünschten Ausmaß ge-
ätzt worden ist, wobei zwischen den Schritten (c)
und (d) das Ätzgas veranlaßt wird, zum Ätzen der
Probe eine bestimmte Zeitspanne in der Hauptkam-
mer zu bleiben; zwischen den Schritten (e) und (f)
wird das in die Hauptkammer eingegebene Kühl- /
Reinigungsgas eine ausreichende Zeitspanne in der
Hauptkammer belassen, um die Temperatur der
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Probe auf einen gewünschten Wert zu senken, wo-
bei das Ätzgas Xenon-Difluorid, Krypton-Difluorid
oder Halogen-Fluorid ist, und das Kühl- / Reini-
gungsgas Helium, Stickstoff oder Argon ist.

2. Verfahren nach Anspruch 1, ferner gekennzeichnet
durch Veranlassen, daß das Ätzgas in eine Expan-
sionskammer gefüllt wird, und zwar in jedem Fall vor
dem Schritt (c), wobei zu dem Schritt (c) gehört, daß
das in der Expansionskammer befindliche Ätzgas
veranlaßt wird, in die Hauptkammer zu strömen.

3. Verfahren nach Anspruch 1, ferner dadurch ge-
kennzeichnet, daß zwischen dem Schritt (b) und
der ersten Wiederholung des Schrittes (c) folgendes
stattfindet: (1) Veranlassen, daß Kühl- / Reinigungs-
gas in die Kammer strömt; (2) Veranlassen, daß das
Kühl- / Reinigungsgas aus der Hauptkammer eva-
kuiert wird, und (3) wenigstens einmaliges Wieder-
holen der Schritte (1) und (2).

4. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daß die bestimmte Zeitspanne ein erstes
Zeitintervall ist, und daß die ausreichende Zeitspan-
ne ein zweites Zeitintervall ist.

5. Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, daß das erste Zeitintervall weniger als 10
Sekunden beträgt und das zweite Zeitintervall weni-
ger als 20 Sekunden beträgt.

6. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daß in wenigstens einem der Schritte (b),
(d) und (f) die Hauptkammer auf einen Druck zwi-
schen 0,0133322 und 1,33322 mbar evakuiert wird,
und daß in wenigstens einem der Schritte (c) und (e)
die Hauptkammer auf einen Druck zwischen
1,33322 und 799,932 mbar gefüllt wird.

Revendications

1. Procédé de gravure par vapeur comprenant :

(a) positionner un échantillon à graver dans une
chambre principale ;
(b) à la suite de l’étape (a), amener l’atmosphère
à l’intérieur de la chambre principale à être éva-
cuée de celle-ci ;
(c) à la suite de l’évacuation de la chambre prin-
cipale, amener un gaz de gravure à entrer dans
la chambre principale ;
(d) à la suite de l’étape (c), amener le gaz de
gravure à être évacué de la chambre principale ;
(e) à la suite de l’étape (d), amener un gaz de
refroidissement/purge à entrer dans la chambre
principale ;
(f) à la suite l’étape (e), amener le gaz de refroi-

dissement/purge à être évacué de la chambre
principale ; et
(g) répéter les étapes (c)-(f) jusqu’à ce que
l’échantillon ait été gravé dans une mesure
souhaitée ;
dans lequel :

entre les étapes (c) et (d), le gaz de gravure
est amené à rester dans la chambre princi-
pale pendant une période de temps spéci-
fiée pour graver l’échantillon ;
entre les étapes (e) et (f), le gaz de refroi-
dissement/purge entré dans la chambre
principale est autorisé à rester dans la
chambre principale pendant une période de
temps suffisante pour réduire la températu-
re de l’échantillon à une température
souhaitée ;
le gaz de gravure est du difluorure de xénon,
du difluorure de krypton ou un fluorure
d’halogène ; et
le gaz de refroidissement/purge est l’hé-
lium, l’azote ou l’argon.

2. Procédé selon la revendication 1, comprenant en
outre amener le gaz de gravure à entrer dans une
chambre de détente avant chaque instance de l’éta-
pe (c), l’étape (c) comprenant amener le gaz de gra-
vure dans la chambre de détente à entrer dans la
chambre principale.

3. Procédé selon la revendication 1, comprenant en
outre, entre l’étape (b) et la première itération de
l’étape (c) :

(1) amener le gaz de refroidissement/purge à
entrer dans la chambre principale ;
(2) amener le gaz de refroidissement/purge à
être évacué de la chambre principale ; et
(3) répéter les étapes (1) et (2) au moins une fois.

4. Procédé selon la revendication 1, dans lequel la pé-
riode de temps spécifiée est un premier intervalle de
temps, et dans lequel la période de temps suffisante
est un second intervalle de temps.

5. Procédé selon la revendication 4, dans lequel :

le premier intervalle de temps est de moins de
10 secondes ; et
le second intervalle de temps est de moins de
20 secondes.

6. Procédé selon la revendication 1, dans lequel :

dans au moins une des étapes (b), (d) et (f), la
chambre principale est évacuée jusqu’à une
pression entre 0,01 et 1,0 torr ; et
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dans au moins une des étapes (c) et (e), un gaz
est entré dans la chambre principale jusqu’à une
pression entre 1 et 600 torr.
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